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Thin Layer Chromatography (TLC) was investigated as
a potential tool with which medicinal bark products
used in South African traditional healthcare may be
authenticated. Dried bark products are difficult to iden-
tify, and misidentification or adulteration increasingly
affect their appropriate use and accurate documenta-
tion of their trade. A traditional medical practitioner pin-
pointed eight bark species used in KwaZulu-Natal,
South Africa, that are difficult to identify. These were
Ekebergia capensis (Meliaceae), Harpephyllum caffrum
(Anacardiaceae), Rapanea melanophloeos (Myrsin-
aceae), Schotia brachypetala (Caesalpiniaceae), Croton
sylvaticus (Euphorbiaceae), Albizia adianthifolia, Acacia
sieberiana and Acacia xanthophloea (Mimosaceae).
Three reference bark samples of each species were
extracted in ethanol or hexane, separated on silica gel in
petroleum spirit : ethyl acetate : chloroform : formic acid
(8:7:5:1), and treated with anisaldehyde or vanillin
reagents. TLC proved useful for showing similarities in
the phytochemical fingerprints of a single species, but
less so in distinguishing between the phytochemical
fingerprints of different species. The technique assisted
in confirming the identity of several medicinal bark
products.
In South Africa, where most traditional medicines are of
plant origin, regulation of their trade and usage is minimal.
Standardisation of traditional herbal medicines would be a
significant step towards securing the integrity of the tradi-
tional healthcare sector, and the safety of its patients, who
comprise the majority of South Africans (Mander 1998).
Unlike the established pharmacopoeias of herbal medicines in
other parts of the world (e.g. China, Europe, India), the reper-
toire of herbal medicines used in this country is poorly docu-
mented. The first monographs for a South African pharma-
copoeia were begun by the South African Traditional
Medicines Research Group (SATMERG) only in 1997.
Despite the development of advanced chromatographic
techniques for the elucidation of compounds from natural
products, Thin Layer Chromatography (TLC) remains effec-
tive and favoured for its simplicity and affordability
(Hostettmann et al. 1986, Gibbons and Gray 1998).
Terminology implies that phytochemical ‘fingerprints’ are
unique but, in the absence of such fingerprints of all plant
species, this cannot yet be guaranteed. However, due to the
diagnostic value of TLC-generated phytochemical finger-
prints, the technique has largely replaced microscopy in
plant drug authentication and quality assessment (Jackson
and Snowdon 1990). Manana and Eloff (2001) compared
phytochemical fingerprints from TLC of reference plant
material to those of medicinal plant products traded in the
Pretoria area, and found a good correlation between refer-
ence and medicinal samples. In this study, we focussed on
medicinal bark products traded in KwaZulu-Natal.
Dried plant products sold in the medicinal plant trade in
South Africa are generally very difficult to identify, as many
useful morphological characters are lost through desicca-
tion. Bark products frequently lack distinctive diagnostic
characters and appear superficially similar. The single exist-
ing guide to some commonly traded ones is that of Tait and
Cunningham (1988) which focuses on KwaZulu-Natal.
Authentication of traditional herbal medicines traded in
KwaZulu-Natal would facilitate accurate documentation of
taxa traded, medicinal usage, and assist in identifying mate-
rial implicated in poisoning cases. Because the province is
considered the trade centre for medicinal plants in southern
Africa (Cunningham 1988, Mander et al. 1996, Williams
1996, Mander 1998, Marshall 1998, Williams et al. 2000),
data would be relevant to the monitoring of regional, nation-
al and international markets.
TLC-generated phytochemical fingerprints were investi-
gated for their potential to distinguish between the bark of
eight medicinal species used extensively in KwaZulu-Natal.
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According to a local traditional healer, the species are fre-
quently misidentified and/or substituted for other bark prod-
ucts by traditional healers and traders in the province. The
study aimed to establish phytochemical fingerprint refer-
ences for each species, against which medicinal bark prod-
ucts purportedly of the same species could be authenticat-
ed. It should be noted that authentication refers to the con-
firmation of an identity, using certain characters (in this case,
phytochemical fingerprints) rather than gross morphology
used more regularly in plant identification. To this effect, a
‘real-life’ scenario was used to establish whether the phyto-
chemical fingerprint of a bark product would closely resem-
ble that of a provenanced reference.
Materials and Methods 
Plant material
Eight study species were grouped in two ‘complexes’
according to the patterns of substitution or misidentification
that affect their medicinal usage (Table 1). Bark samples of
each species were harvested from three specimens growing
in different localities up to c. 100km apart, to allow compari-
son of genetically unrelated material subjected to different
environmental variables. Fresh material was gently scraped
with a blade to remove algae, lichen and moss, the presence
of which could influence phytochemical fingerprints, and
dried overnight in an oven (50°C). A further three samples of
Acacia xanthophloea were collected following initial analy-
ses that demanded more comprehensive sampling.
Additionally, three dried bark products of each species, trad-
ed under local Zulu vernacular names recorded in the litera-
ture, were purchased from different herbal retailers in
Pietermaritzburg. It is well known that retailers consult dif-
ferent suppliers, so material was unlikely to originate from
the same source. Dried material was stored in sealed con-
tainers at room temperature in darkness. Voucher speci-
mens were deposited in the Bews Herbarium at the
University of Natal (voucher specimen numbers are shown
in Table 2).
Plant extracts
Dried plant material was milled to a powder and 10g extract-
ed with 100ml ethanol or hexane. Plant material and solvent
were macerated in an ultrasound bath (Branson 1510E-MT)
for 60min, filtered through Whatman No. 1 paper with a
Büchner funnel under vacuum, and air-dried. In some cases,
residues in airtight glass vials were refrigerated prior to
experimental procedures. Residues were weighed and dis-
solved in the extractant to yield extracts of 50mg ml-1 con-
centration.
Family Taxon Taxa with which bark products are confused
Species complex 1 MELIACEAE Ekebergia capensis Sparrm. Harpephyllum caffrum; Schotia brachypetala
ANACARDIACEAE Harpephyllum caffrum Bernh. Ekebergia capensis; Rapanea melanophloeos
MYRSINACEAE Rapanea melanophloeos (L.) Mez Harpephyllum caffrum
CAESALPINIACEAE Schotia brachypetala Sond. Ekebergia capensis
Species complex 2 MIMOSACEAE Acacia sieberiana DC. Albizia adianthifolia; Croton sylvaticus
MIMOSACEAE Acacia xanthophloea Benth. Croton sylvaticus
MIMOSACEAE Albizia adianthifolia (Schumach.) Acacia sieberiana; Croton sylvaticus
W.F.Wight
EUPHORBIACEAE Croton sylvaticus Muell. Arg. Acacia sieberiana; Acacia xanthophloea; Albizia adianthifolia
Table 1: Study species and grouping in species complexes according to usage patterns resulting from confusion of medicinal bark products
Table 2: Collection localities, voucher specimen numbers (all those of OM Grace) and chromatogram lanes of bark specimens and medici-
nal bark products purported to be of species in Complex 1
Species Reference specimens Medicinal bark products
Collection localitya Voucher number Chromatogram lane Zulu name Voucher number Chromatogram lane
E. capensis PBG 54NU 1 isimanaye 39NU 13
KNR 5NU 2 40NU 14
SNR 1NU 3 41NU 15
H. caffrum PBG 55NU 4 umgwenya 42NU 16
SNR 2NU 5 43NU 17
NUBG 18NU 6 44NU 18
R. melanophloeos PBG 11NU 7 ikhubalwane 45NU 19
KNR 8NU 8 isicalaba 46NU 20
SNR 20NU 9 maphipha 47NU 21
S. brachypetala PBG 12NU 10 ihlusi 48NU 22
KNR 10NU 11 49NU 23
NUBG 19NU 12 50NU 24
a PBG, National Botanical Gardens, Pietermaritzburg; KNR, Krantzkloof Nature Reserve, Kloof; NUBG, Natal University Botanical Gardens;
SNR, Silverglen Nature Reserve, Chatsworth
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Thin Layer Chromatography
TLC analysis of plant extracts was with a stationary phase of
silica gel on pre-coated plastic sheets (Merck 60 F254).
Sufficient extract to yield 0.5mg plant material was applied in
0.8cm bands to the origin of the chromatography plate.
Twelve mobile phases were tested before a solvent system
comprising 95% petroleum spirit : ethyl acetate : chloroform
: formic acid (8:7:5:1) was selected as suitable for further
analyses of both ethanol and hexane bark extracts. Glass
chromatography chambers were pre-washed with the
mobile phase and allowed to equilibrate for approximately
2min. Plates were placed in the chamber and developed
over a migratory distance of 8cm. Chromatograms were
viewed in visible and UV-light (254nm and 366nm) prior to
treatment with either anisaldehyde-sulphuric acid reagent or
vanillin-sulphuric acid reagent (Wagner and Bladt 1995),
both of which allow detection of a variety of colourless chem-
ical compounds when heated. Treated chromatograms were
similarly viewed in visible and UV-light. Chromatogram lane
numbers are shown in Table 2.
Intraspecific and interspecific fingerprints
Ethanol and hexane extracts of three bark specimens of
each study species were separated by TLC. Phytochemical
fingerprints were compared at the intraspecific (within
species) and interspecific (between species) levels.
Authentication of medicinal bark products
Hexane extracts of one reference specimen (selected
according to phytochemical fingerprints yielded in earlier
analyses) and three medicinal bark products of each species
were separated by TLC as described above and the chro-
matograms compared.
Results and Discussion
Thin Layer Chromatography
In their chemotaxonomic comparison of Maytenus spp.
(Celastraceae), Rogers et al. (2000) noted that some
species yielded a sufficiently diagnostic phytochemical fin-
gerprint from only one chromatogram, whilst other species
required diagnosis with several solvent systems. Manana
and Eloff (2001) used three solvent systems to separate
extracts of different polarities in their investigation of tradi-
tional plant medicines traded in Pretoria. In the present
study, a simple procedure was adhered to: a single mobile
phase, a single detection treatment and two extractants
were employed. Ethanol and hexane bark extracts, expect-
ed to contain more polar and non-polar compounds respec-
tively, were initially tested. Since the latter usually separated
into more compound bands and yielded more meaningful
phytochemical fingerprints, hexane extracts alone were
employed to authenticate medicinal bark products.
Prior to treatment with a detection reagent, most plates in
this study showed few bands in visible light, but many
quenching (UV 254nm) and fluorescent (UV 366nm) bands
were visible under a UV lamp. Both anisaldehyde- and
vanillin-sulphuric acid reagents substantially increased
detection of compounds on the chromatograms; detection
was superior in species Complex 1 following treatment with
anisaldehyde-sulphuric acid reagent, and in Complex 2 with
vanillin-sulphuric acid reagent. The most diagnostically
important information in TLC analyses such as these are the
colour and Rf values of compound bands, which together
provide the phytochemical fingerprint of a particular species
(Rogers et al. 2000).
Intraspecific and interspecific fingerprints
Comparison of intra- and interspecific phytochemical finger-
prints of bark extracts indicated that a species-specific chem-
ical profile may be predictable, although differences between
each species’ profile may not be readily noticeable using a
single TLC system. Despite differing habitats, maturity, and
other variables known to influence bark characteristics, phy-
tochemical fingerprints were highly consistent within species
at the intraspecific level. Phytochemical fingerprints of three
bark specimens compared closely to one another in study
species in both Complex 1 and Complex 2. Acacia xan-
thophloea (Complex 2) was the single species to require
comparison of an additional three bark specimens to deter-
mine congruencies in the phytochemical fingerprints that indi-
cated a shared taxon. The abundance of characteristic yellow
powder on the bark may be responsible for differences
observed in phytochemical fingerprints of A. xanthophloea.
At the interspecific level, phytochemical fingerprints of
hexane bark extracts were compared between study
species in Complex 1 and Complex 2. Three out of four
species in Complex 1 differed in their phytochemical finger-
prints (Figure 1a). Ekebergia capensis, Harpephyllum caf-
frum and Schotia brachypetala, treated with anisaldehyde-
sulphuric acid reagent, differed in the non-polar compound
bands with Rf values between 0.5 and 0.9. The compounds
present in hexane extracts of Rapanea melanophloeos did
not separate well with the solvent system and spray reagent
used. This made it difficult to obtain a reliable reference
against which the phytochemical fingerprints of medicinal
bark products could be authenticated.
Whereas three study species in Complex 1 showed diag-
nostic phytochemical fingerprints, only one in Complex 2
could be recognised by its phytochemical fingerprint when
compared to other species. Phytochemical fingerprints of A.
xanthophloea, Albizia adianthifolia and Croton sylvaticus
were not differentiable from one another. Acacia sieberiana
was recognisable by a pale pink band in both ethanol and
hexane extracts at Rf 0.9 on untreated chromatograms. In
an attempt to distinguish between species in Complex 2,
Dragendorff reagent (Wagner and Bladt 1995) was
employed to detect alkaloidal compounds. The diagnostic
band (Rf 0.9) identified in A. sieberiana in earlier analyses
was the single one to show a bright orange colour reaction
with the reagent; this may indicate an alkaloid principle.
Diagnostic phytochemical fingerprints correspond with tax-
onomic affinities in plant genera such as Combretum
(Combretaceae) (Carr and Rogers 1987) and Maytenus
(Celastraceae) (Rogers et al. 2000). Drewes et al. (1998)
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reported chemical similarities, identified by preparative chro-
matography and spectroscopy, in the barks of Loxostylis alata
Spreng. ex Reichb. and Smodingium argutum E. Mey., two
members of the Anacardiaceae. In this study, pairs of bark
species used interchangeably or as substitutes (purposefully
or not) usually shared some compound bands in their respec-
tive phytochemical fingerprints. For example, both E. capen-
sis and H. caffrum showed a number of pink and orange
bands between the Rf values 0.1 and 0.5 that were not pres-
ent in other members of Complex 1 (Figure 1a). In Complex
2, notable similarities in the phytochemical fingerprints of A.
xanthophloea, A. adianthifolia and C. sylvaticus may be an
indicator of close usage relationships. Similarities shown by
TLC chromatograms may sometimes explain the phytochem-
ical properties common to bark products that are purposefully
substituted for one another, particularly in cases where taxo-
nomically unrelated species are used.
Authentication of medicinal bark products
To test the possibility of authentication using a single TLC-
system, a ‘real-life’ scenario was simulated in which the phy-
tochemical fingerprints of medicinal bark products were
compared against that of a reference specimen. Co-chro-
matography of a standard reference with the test extract(s)
is necessary to afford accurate comparison of qualitative
data (Stahl and Schorn 1969, Zweig and Sherma 1972).
Following earlier results, hexane extracts were employed
and detection was with anisaldehyde-sulphuric acid reagent
for species in Complex 1 and vanillin-sulphuric acid reagent
for Complex 2.
In Complex 1, E. capensis, H. caffrum and S. brachypeta-
la (Figure 1b) showed convincing similarities between the
medicinal and reference specimens. Phytochemical finger-
prints of R. melanophloeos (Figure 1b) specimens showed
similarities under UV 366nm prior to treatment but, following
application of anisaldehyde-sulphuric reagent, the medicinal
lanes bore no resemblance to the reference lane. This
observation corresponds with the trend noted in intra- and
interspecific analyses, where bark samples of R.
melanophloeos failed to show consistent phytochemical fin-
gerprints. Genetic and environmental factors might be
responsible for these differences, or, since each medicinal
product was purchased with a different Zulu vernacular
name, each could represent a different species. However,
some similarities in two medicinal products (lanes 19 and 20,
Figure 1b) between Rf 0.65 and 0.75 suggest a single taxon.
Similarities were noted between the medicinal and respec-
tive reference fingerprints of A. sieberiana, A. xanthophloea
and A. adianthifolia in Complex 2, but A. sieberiana was the
single species in that complex to provide a reliable reference
phytochemical fingerprint (diagnosed at the interspecific
level) for authentication with the simple TLC system used
here. It was unclear if the medicinal bark specimens com-
pared to the C. sylvaticus reference were of the same
species, since each medicinal specimen deviated from the
reference differently.
The value of TLC for bark authentication may be extend-
ed to identifying the presence of wood adulterants in bark
medicines. In the case of A. xanthophloea, one medicinal
specimen exhibited unusual quenching and fluorescent
bands at Rf 0.85 and 0.9. It was purchased with a Zulu name
different to the other two products, and in fact consisted
entirely of wood. Processed bark products may be easily
adulterated with wood to increase product volume.
Additionally, removal of dried bark from underlying wood is
sometimes difficult, and medicinal bark products may
include a large amount of attached wood.
From our initial investigation, it is apparent that TLC may
be used to assist in the authentication of some medicinal
bark products. Despite the variable nature of bark, a single-
solvent TLC system proved to be useful in determining
chemotaxonomic relationships of hexane bark extracts at
the intraspecific level. However, a simple TLC procedure
may not always be sufficiently sensitive to distinguish
between bark phytochemical fingerprints at the interspecific
level. With further investigation, TLC may indeed fulfil the
requirements for simple, affordable methods to authenticate
medicinal bark products traded in South Africa.
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Figure 1: (a) Chromatograms comparing intraspecific and interspe-
cific fingerprints of hexane bark extracts of Ec, Ekebergia capensis;
Hc, Harpephyllum caffrum; Rm, Rapanea melanophloeos; and Sb,
Schotia brachypetala, following development with anisaldehyde-
sulphuric acid reagent. (b) Chromatograms of hexane extracts of
reference specimens (Ref) and medicinal bark products purported
to be Ekebergia capensis, Harpephyllum caffrum, Rapanea
melanophloeos and Schotia brachypetala, following development
with anisaldehyde-sulphuric acid reagent
a
b
1 2 3 4 5 6 7 8 9 10 11 12
Ec Hc Rm Sb
13 14 15 2Ref 16 17 18 15Ref 19 20 21 7Ref 22 23 2411Ref
Ec Hc Rm Sb
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